Accepted Version Sebastiani, F., Campbell, R. A. and Pfrang, C. (2015) Complementarity of neutron reflectometry and ellipsometry for the study of atmospheric reactions at the air-water interface. RSC Advances, 5 (129 The combined application of neutron reflectometry (NR) and ellipsometry to determine the 9 oxidation kinetics of organic monolayers at the air-water interface is described for the first 10 time. This advance was possible thanks to a new miniaturised reaction chamber that is 11 compatible with the two techniques and has controlled gas delivery. The rate coefficient for 12 the oxidation of methyl oleate monolayers by gas-phase O 3 determined using NR is (5.4 ± 
Introduction

25
Organic monolayers at the air-water interface have been widely studied because of their 
33
A powerful technique used to study organic monolayers at the air-water interface is neutron 34 reflectometry (NR). 7 Neutrons are non-destructive for soft and biological materials, and by
35
exploiting the method of isotopic substitution, i.e. deuteration of the monolayer as well as 36 partial deuteration of the aqueous subphase to match its scattering properties to that of air, the 37 technique can be used to quantify directly the surface excess during oxidation reactions. For higher solubility and/or volatility. e.g.8 As such, it is the rate of loss of material, which 41 determines the evaporation rate of the subphase of key atmospheric relevance, which is 42 measured.
43
NR has been applied previously to the atmospheric oxidation of organic monolayers in large 44 custom-built reaction chambers with gas volumes on the order of 25 l that contained a commercial Langmuir trough. [8] [9] [10] [11] The macroscopic air-water interface acted as a proxy for 1 the surface of aerosol droplets. The large volume of the chamber placed an upper limit on the 2 fastest reaction rates that could be measured due to uncertainties both in the time between 3 introducing the oxidant flow and reaching steady state concentrations and in the non-4 homogeneous gas diffusion. These issues did not limit the experiments because the time 5 resolution of the technique used was typically on the order of several minutes. 8, 9 However,
6
with the advent of new instrumentation, quantitative measurements of the surface excess of 7 organic monolayers at the air-water interface can now be carried out with a time resolution as 8 short as 1 s. 10, 11 The limitation in the efficiency of the experiments thus became the reaction 9 chamber. There was therefore scope for significant improvements in the design of the 10 chamber if its size could be reduced considerably without compromising the gas diffusion 11 conditions as a result of physical perturbations to the free liquid surface.
12
Ellipsometry is a precise and sensitive optical reflectometry technique. of 2.7 × 10 18 molecule m −2 was spread using 31.5 µl of 1.13 mg ml -1 dMO in chloroform.
35
Data were recorded for a few minutes before O 3 was admitted into the chamber at a flow rate monolayers of hMO were prepared using an equivalent approach to that described above.
5
Data were recorded for 250 s before O 3 was admitted into the chamber at a flow rate of 1.8 l 6 min −1 , leading to [O 3 ] s in the ranging from (9.0 ± 0.6) × 10 6 to (7.2 ± 0.4) × 10 7 molecule 7 cm −2 . The time resolution was 5 s. Adjustment of the liquid height during reactions was not 8 required because the error introduced by evaporation was negligible.
9
The calibration between the measured optical phase shift, Δ, and the surface excess, Γ, can be 10 found in part 5 of the Electronic Supporting Information. In short, both for linear 20 knowledge such a calibration has not been determined to date for Langmuir monolayers.
13
Recently the importance of calibrating the relation on a case-by-case basis was emphasized.
22
14
As such, we measured Δ using ellipsometry and Γ using NR for equivalent spread amounts of 15 dMO at the air-water interface and a linear relationship was determined. connected to a detachable PTFE tube (inner diameter 1/8 inch), which is closed at the end and 36 contains 11 holes drilled with a separation of 1 cm along the major axis. 
Gas injection 38
Fluid dynamics simulations were performed to optimise the positioning of the gas connectors Only fairly slow oxidation reactions of organic monolayers at the air-water interface 7 involving the relatively mild oxidant O 3 have been studied using NR to date. 8-11 It would be 8 useful also to be able to study faster reactions such as oxidation initiated by nitrate radicals,
9
NO 3 (typically ~ 3 orders of magnitude faster than equivalent reactions with O 3 ) as well as 10 hydroxyl radicals, OH (generally ~ 3 orders of magnitude more reactive than NO 3 ). 23 As such, demonstrates the capability of the new chamber to be used to study faster reactions, e.g. more
27
highly oxidised organic species with multiple functional groups and/or more potent oxidants 28 such as NO 3 uptake on organic surfaces. 24 Information on the kinetics of such systems has not 29 previously been accessible from NR studies at the air-water interface. 
Neutron reflectometry
31
Recently we reported the second order rate coefficient for the oxidation of methyl oleate are in the range of 3.5 -10%.
9
The two slowest decays exhibit temporal fluctuations in the measured surface excess values.
10
Such a feature in the data was also observed in refs 13 and 18 where it was attributed to the density between the deuterated reactant and deuterated reaction products will be minimal.)
19
The surface excess values fall to zero with time, which shows that these products are present which can be explained in terms of the much larger probed area of the interface (several cm 2 ).
33
The complementarity of using ellipsometry and NR to provide additional information for the 34 identification of reaction products, which is not trivial due to the small quantities produced 35 combined with the lack of stability at the interface, is therefore demonstrated. Also, X-ray 36 reflectometry may be used as an alternative complementary technique that is compatible with 37 our miniaturised reaction chamber (this would require only changes of the vertical windows 38 of the chamber from sapphire to, e.g., kapton), and additional structural information (e.g. experiments were performed with hMO on pure water while the NR work was performed with dMO on ACMW (i.e. 8.1% D 2 O in H 2 O). Ozonolysis is known to involve radical species that could display a kinetic isotope effect, but our results suggest that there is no significant 1 isotope effect on the kinetics of the methyl oleate ozonolysis. The rate coefficient determined 2 here is in agreement with the values discussed above that were measured using NR.
3
Ellipsometry has therefore proved to be an adequate substitute for NR in the study of the 4 oxidation of methyl oleate monolayers by O 3 . Such a positive result must be reported with a 5 degree of caution, however, as it is possible that different reaction products that have different 6 optical properties to the reactant may be retained at the interface for longer in other systems, 7 which could render the surface excess calibration and therefore the kinetic analysis inaccurate.
8
We advise therefore that new systems are validated on a case-by-case basis, i.e. a limited 9 number of measurements should be carried out using both techniques prior to the acquisition 10 of a complete data set using only ellipsometry. Nevertheless the indication is promising that 11 neutron beam time may be focussed more efficiently in the future towards studies of more 12 complex systems. and is better constrained in spite of the fact that the analysis is based on fewer data points.
24
This general improvement in performance opens up in the future the possibility to access the 25 kinetics of chemical reactions that involve more reactive organic materials and/or more potent 26 gas-phase oxidants.
27
Ellipsometry was also applied to measurements of the same system in the new chamber and a 
